By using a novel approach to stimulate and guide the growth cones of hippocampal neurons with high spatial and temporal resolution, we reveal a new function for the soluble form of prion protein.
INTRODUCTION
Directional motion of neurite to synaptic targets is a complex process controlled by a combination of several mechanisms (Kolodkin and Tessier-Lavigne, 2011) . Growth cones (GC), found at the tip of neurites, are the most motile structures of developing neurons that enable them to explore the environment in search of guidance cues necessary for precise wiring of the neural network (Dent and Gertler, 2003; Vitriol and Zheng, 2012) . The cellular form of the prion protein (PrP C ) is a membrane-anchored glycoprotein, which is present in almost all cell types, and it is particularly abundant in neurons. Its predominant expression in synapses, GC and other extending process tips in cultured cells (Santuccione et al., 2005) suggests that it might play a key role in synaptic signaling and GC navigation.
It is now widely accepted that PrP C can convert into misfolded isoforms, known as prions, responsible for the neurodegeneration observed in prion diseases (Prusiner et al., 1998) . Moreover, recent evidence indicates that PrP C may also mediate the neurotoxicity effect of amyloid beta (Aβ) oligomers that are associated with Alzheimer's disease (Lauren et al., 2009) . While the pathogenic properties of PrP C have been intensely studied, its physiological role remains unclear. So far PrP C has been associated with several cellular processes, including cell signaling (Linden et al., 2008) , survival (Aguzzi et al., 2008) adhesion (Malaga-Trillo et al., 2009 ) as well as neuritogenesis (Loubet et al., 2012; Steele et al., 2006) , differentiation (Hajj et al., 2007; Kanaani et al., 2005 ) and brain metal homeostasis (Pushie et al., 2011) . PrP C interacts with different surface or trans membrane molecules, including laminin, laminin receptor precursor and the neural cell adhesion molecule (NCAM) contributing to many of the above mentioned processes (Linden et al., 2008) .
For instance, cis-and trans-interaction of PrP C with NCAM on the surface of mouse neurons has been shown to result in recruitment of NCAM to lipid rafts and activation of p59fyn and to promote neurite outgrowth (Santuccione et al., 2005) .
Additional reports indicated that PrP C can be secreted from the cell membrane and released to the extracellular space through distinct mechanisms (Martins et al., 2010) . Therefore, PrP C can interact with neighboring cells either in a soluble form or in exosomes, which are released by cells upon fusion of multivesicular bodies (Fevrier et al., 2004) . In this context, experimental evidence revealed that the treatment of hippocampal neurons with recombinant PrP (recPrP) enhances the development of neuronal polarity and formation of neuronal networks after 24-48 hours (Kanaani et al., 2005) . However, this approach exposed cells to constant molecular concentrations and hence did not allow focal stimulation of specific neuronal compartments. In the present study we assayed encapsulated in phospholipid vesicles (Pinato et al., 2012; Chiu, 2003, 2005) . Our results reveal a novel molecular function of recPrP as a guidance molecule, which may interact with like molecules (homophilic interaction) on the neighboring cells to regulate signal transduction. These findings highlight a key physiological role for PrP C during developmental, as well as adult life.
RESULTS recPrP induces neurite outgrowth and rapid GC turning
Although prion protein has been indicated to contribute in neurite outgrowth (Kanaani et al., 2005; Loubet et al., 2012) , its role in neurite navigation has not yet been investigated. To test whether recPrP molecules can directly influence neuronal growth cone (GC) steering, we used an in vitro assay for axon guidance based on local stimulation technique (Pinato et al., 2012) . This technique employs an infrared (IR) laser tweezers to trap and position a lipid vesicle carrying guidance molecules in the proximity of the cell. The molecules are then released by vesicle photolysis, using a pulse from a second ultraviolet (UV) laser.
Here, we employed recombinant PrP (recPrP) molecules. Despite the lack of posttranslational modifications (e.g. N-glycosylation at residues N180 and N196 and glycosylphosphatidylinositol-(GPI) anchor), full-length recPrP is structurally equivalent to brain-derived PrP C (Hornemann et al., 2004) thus, it represents a valuable model for structural and functional studies. Taking into account that UV light might induce protein damage by direct photo-oxidation and radical reactions (Redecke et al., 2009) , we investigated the structural consequences of UV and IR radiations on recombinant murine PrP. Protein samples were exposed to 7 min UV (355 nm) followed by 2 h of IR irradiation (1064 nm) to mimic the irradiation conditions during the stimulation experiment, based on the lasers characteristics (energy and beam size). Circular Dichroism (CD) spectra of each sample were recorded before and immediately after laser irradiation (Supplementary Figure S1 ).
We found that in both conditions (UV and UV+IR irradiated samples) the spectra of the protein remain unaffected, indicating that neither UV nor IR radiation alter recPrP structural features in our experimental assays.
After vesicle photolysis, molecules freely diffuse in all directions and only a fraction of them reaches the GC membrane. The number of molecules reaching the leading edge depends on the starting concentration of the molecules inside the vesicle, distance between the GC and vesicle, and the diffusion coefficient of molecules (Pinato et al., 2012) . Assuming the concentration inside the vesicle and the size of vesicle were known, we calculated the spatial and temporal distribution of the concentration of the molecules at the GC (see Materials and Methods). The numerical example in Materials and Methods, using the set of parameters consistent with the real experiments, shows that a spatial gradient of about 2 nM/µm can be delivered to the GC from the micro-vesicle.
In our experimental assay, 4 µM of recPrP were encapsulated in lipid vesicles with a diameter varying between 1 and 5 µm. Vesicles were introduced to the cell culture media and a single vesicle was trapped and positioned by an infrared (IR) laser tweezer near an exploring hippocampal GC (Fig. 1A-B and Materials and Methods). Using a short ultraviolet (UV) laser pulse the membrane of the vesicle was then broken and the protein content was released and allowed to reach the GC by free diffusion.
With this assay, the outgrowth and turning of neurite can be measured in response to a defined stimulus of recPrP over a short time period (Fig. 1A-D) . Following the release of recPrP (4 µM), we observed a rapid neurite outgrowth and a significant turning towards the source of the stimuli (Fig. 1E-F and Video 1). Rapid GC motions started 1-2 min after vesicle breaking and within 600 s the neurite outgrowth enhanced 2-3 fold, compared to control (Fig. 1F , maximum neurite growth within entire duration of experiment reached to 6.73 ± 0.80 µm). Quantification of the turning angle revealed that neurites had a significant bias toward the source (Fig. 1E blue rose distribution).
Control vesicles, filled with phosphate-buffered saline (PBS), were positioned and photolysed in proximity of exploring GC ( Fig. 1A and Video 2). Following vesicle photolysis, the GC continued the spontaneous navigation without significant changes in growth or direction ( Fig. 1E-F , maximum neurite elongation in this case reached to 2.88 ± 0.36 µm). Remarkably, the neurite outgrowth induced by recPrP was significantly correlated with the turning angle ( Fig. 1G ; correlation coefficient R = -0.64, p-value <0.05), but no significant correlation was observed in the control.
This confirms that local recPrP stimulation was concomitant with simultaneous fast neurite growth and GC turning toward the protein source.
Indeed, these experiments strengthen the evidence that PrP C is involved in neurite outgrowth and differentiation but also suggest a putative physiological function for soluble PrP as a guidance molecule for mouse hippocampal GC, which promote neurite outgrowth and influence the directional motion of neurites.
We next wondered whether changing the concentration of recPrP reaching the GC could influence its navigation. Therefore, GC were stimulated with different concentrations of recPrP. As expected, at low concentration (0.5 µM), the maximum growth was similar to control and no significant turning was observed. Increasing the concentration of recPrP from 1 to 4 µM, both neurite elongation and GC turning toward the source increased significantly (Fig. 2) . However, these effects were diminished by increasing the concentration to 6 µM and the opposite effects were observed at 15 µM ( Fig. 2B-D) . Altogether, these data suggest that recPrP influences GC navigation in a dose-dependent manner: outgrowth and turning are stimulated progressively only when the concentration increases up to a certain value. For higher concentration the outgrowth is decreased or even reverted into retraction (at concentrations 3-4 folds higher the threshold). Low concentration of recPrP at the plasma membrane is sufficient to initiate signaling, while increased recPrP concentration may interfere with signaling cascades or activate different pathway leading to GC retraction and collapse.
Full-length PrP role in GC navigation
Next we examined whether the stimulatory effect of recPrP was dependent on the full-length molecule or if a similar effect could be reproduced by truncated forms of PrP. To ensure that the recombinant proteins were not degraded or cleaved by proteases during incubation time in neuronal medium before or during the experiments, we analyzed by Western blotting the integrity of each PrP fragment at different time points (0, 20, 40, 60 and 120 minutes) after addition to the medium.
We found that all fragments of PrP used in this study remained stable for the entire duration of the experiments ( Fig. 3A-B ).
Local delivery of N-terminal (23-90) domain of recPrP (up to 8 µM) slightly increased the average growth in comparison to control condition but did not result statistically significant ( Fig. 3D-F) .
Surprisingly, local delivery of C-terminal domain (4 µM) caused an opposing effect on GC dynamics and in some cases GC retracted completely (Fig. 3C) . Quantification of the turning angle indicated that none of the fragments was able to induce GC orientation toward the source ( Fig. 3D and F) . Notably, The mixture of 4 µM of recPrP (23-90) and 4 µM recPrP (89-231) had a very similar effect to what was observed after local delivery of C-terminal domain , no significant growth or turn was detected ( Fig. 3E-F) . We also performed experiments using 4 µM recPrP (23-120) and the mixture of recPrP (23-120) and recPrP (89-231). We found that although recPrP (23-120) can slightly enhanced the maximum growth with respect to control condition, the mixture of this fragment and recPrP (89-231) is functionally not active ( Fig. 3E-F) . These results are consistent with associated pro-and anti-apoptotic functions of the C-and N-terminal domain of PrP C (Martins et al., 2010) , confirming that the growth-promoting function of recPrP is more pronounced in the presence of the full-length protein.
Previous studies identified the biochemical similarities between the flexible N-terminal domain of PrP C , and a newly discovered GPI-linked glycoprotein called Shadoo (Sho). This protein is also expressed in the adult brain. Furthermore, it has been suggested that Sho exhibits PrP-like protective properties (Premzl et al., 2003) . Therefore, we examined the role of this protein on Figure S2) . .
Membrane-anchored PrP C acts as a signaling receptor
We then investigated how neurons respond to extracellular recPrP stimuli and where the primary site of this interaction could be. Previous studies suggested that GPI-anchored PrP C itself could be one of the candidates for mediating the effect of PrP (Malaga-Trillo et al., 2009 ). To test this hypothesis PrP knockout mouse (Prnp 0/0 ) models were used. As a preliminary control of the neuronal cultures used in this study, endogenous PrP C expression was evaluated in PrP wild-type (wt) and knock-out neurons, 24 and 48 h after plating the neurons. PrP C is expressed in wt neurons with its normal glycosylation pattern ( studies showed that GFP-tagged PrP is correctly localized and functionally active in the brains of transgenic mice (Barmada et al., 2004) . Moreover, it has been shown that GFP-PrP expressed in prion-infected cells have the same pattern as wt PrP after PK-digestion (Bian et al., 2006) . Notably, in our assay GFP-PrP expressing GC acquired the ability to respond to recPrP stimuli and neurite outgrowth enhancement was rescued compared to control (Fig. 4J ).
To check the accuracy and reliability of our experimental data we compared data from two different mouse strains, FVB and C57 black6 mice, either wt or Prnp 0/0 (Supplementary Figure S3) . The recPrP effects were identical, indicating that recPrP stimulation enhanced neurite outgrowth in a similar manner in both mouse strains. Neither significant growth, nor GC turning was observed in experiments using Prnp 0/0 neurons originating from both FVB and Zurich I mice.
Considering the relevance of homophilic interaction between PrP C molecules in our experimental assay, we then asked which region of PrP C is mediating this interaction. To address this question, while EB8 was not able to block the effect of recPrP at the used concentration. These data suggest that the homophilic interaction of recPrP and PrP C is necessary to provide distinct signaling events and that defined epitopes of PrP C might regulate this homophilic interaction.
PrP C mediates multiple signaling pathways
We showed that murine recPrP may interact with PrP C as a putative receptor or part of receptor complex to exert its function. However, it remains largely unclear how recPrP stimuli are transduced in the cell interior. To gain preliminary insight into the intracellular signaling mechanisms involved in recPrP-mediated neurite outgrowth on mouse hippocampal culture, a panel of kinase inhibitors was tested for their ability to inhibit the effect of recPrP on neurite elongation (Fig. 6 ). Src family kinases, including p59fyn (fyn), are known to have roles in mediating both prion neurotoxicity and PrP-mediated cell signaling. In addition to the src family kinases, extracellular regulated kinases (ERK) and phosphatidylinositol 3-kinase (PI3-kinase) can regulate a broad range of cellular process including cell differentiation, adhesion and migration, reviewed in (Ochs and Málaga-Trillo, 2014) .
In this set of experiments, neurons were incubated with different inhibitors for 30 min and then 4
M recPrP (stripped blue bars in Fig. 6 ) or PBS (stripped red bars in Fig. 6 ) was delivered to the GC. As summarized in Fig. 6, PP2 (1 µM), a selective inhibitor of the Src kinase, blocked the enhancing and guiding effects of recPrP by more than 70%, this is in agreement with previous studies which introduced Src kinase as important kinase involved in PrP C -mediated intracellular signaling and its role in neurite outgrowth (Chen et al., 2003; Kanaani et al., 2005; Ochs and Málaga-Trillo, 2014 First we investigated the role of NCAM in GC motility by using mAb against NCAM. Surprisingly, the growth promoting effect of recPrP was abolished after treatment with [1 g/ml] mAb against NCAM (Fig. 7 F) . These data suggest that NCAM may be involved in signal transduction.
To further investigate the role of NCAM in our assay, we analyzed the co-localization of PrP C and NCAM in cultured mouse hippocampal neurons in control condition ( Fig. 7A ) and in the presence of 2 µM recPrP (bulk treatment) (Fig. 7B ) using STimulated Emission Depletion (STED) nanoscopy (Klar et al., 2000) . Low co-localization was measured between PrP C and NCAM in control cultured while after recPrP treatment co-localization increased significantly (Fig. 7B) . In control condition both molecules showed uniform distribution along neurites (Fig. 7A ). In contrast, in recPrP-treated cultures, clusters of NCAM overlapped with PrP C (Fig. 7B) suggesting that recPrP treatment can affect NCAM clustering in plasma membrane.
To exclude the contribution of recPrP from observed colocalization we pre-treated the cells with EB8 antibody against PrP. After 30 min of incubation, unbounded antibodies were washed out and cultures were treated in bulk with 2 µM of recPrP for 2h. We found a slightly lower colocalization (not significant difference, p>0.4) than for the case when the cells were exposed directly to recPrP ( Fig. 7 C and E) . Notably, this value was also significantly different from the control, suggesting that recPrP treatment recruits NCAM to lipid rafts, and would increase the association between NCAM and PrP C . We then asked whether increased association between PrP C and NCAM is specific to recPrP treatment or other growth-promoting factor can cause similar effect on distribution of NCAM and/or PrP C . To address this issue, samples were treated in bulk with 1 µM NGF (Nerve Growth Factor) and examined with STED nanoscopy (Fig. 7 D and F) . Surprisingly, we also observed higher colocalization between PrP C and NCAM in NGF treated samples, suggesting that recruitment of NCAM to lipid rafts is a generic property of neurite outgrowth stimulation.
Higher co-localization of NCAM and PrP C in recPrP treated cultures suggested that these proteins might form a complex in lipid rafts, activate Src and downstream members of Src kinase, which in turn trigger the growth. This is in line with previous studies in cultured mouse hippocampal neurons (Santuccione et al., 2005) where PrP C was found to directly interact with NCAM via cis or trans interaction, stabilizing NCAM within lipid rafts, and thereby stimulating neurite outgrowth.
DISCUSSION
In the present study we assayed experimental conditions to mimic the interaction between a single GC and locally released recPrP molecules, unraveling long-awaited putative physiological function for soluble full-length PrP as a signaling molecule and GPI-anchored PrP C as its receptor. Previous studies indicated that PrP C can be secreted from the cell membrane and released to the extracellular space through distinct mechanisms (Martins et al., 2010) . The GPI-anchor can be removed by posttranslational modification (Borchelt et al., 1993; Harris et al., 1993) or cleaved by phospholipase C (Parkin et al., 2004) . Moreover, PrP C can reach the extracellular space in exosomes, which are released by cells upon fusion of multivesicular bodies (Fevrier et al., 2004) .
Therefore, PrP C may interact with neighboring cell in a soluble form. Our methodology enabled experimental condition to examine and visualize the function of soluble PrP as a guidance molecule.
Comparing neurite navigation in wt and Prnp 0/0 GC, we found that Prnp 0/0 GC were insensitive to recPrP stimulation but they are still able to respond to other biochemical cues such as Netrin-1.
These results strongly suggest that physiologically active PrP C on the membrane is required to mediate recPrP stimulation and activate downstream signaling events. There is evidence supporting the notion that PrP C functions as a part of cell surface platform to interact selectively with various sets of ligands and transmembrane modules, providing distinct signaling events, which in turn convert into specific physiological processes or behavior (Aguzzi et al., 2008; Linden et al., 2008) .
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Moreover, we show that local accumulation of recPrP at wt GC leading edge requires the activation of multiple intracellular tyrosine kinases including the Src-family kinases and other kinases such as ERK and PI3-kinase to initiate any motile behavior. There is a general agreement that PrP-mediated signaling in neurons can trigger activation of Src-related kinases, such as fyn (Chen et al., 2003; Ochs and Málaga-Trillo, 2014) . More importantly, the non-receptor Src-related kinases are able to regulate a broad range of cellular process in physiology and disease. For instance Src-related kinases are known to regulate cell adhesion via direct phosphorylation of p120 and -catenins (Lilien and Balsamo, 2005) . Thus, PrP C signaling may modulate cell adhesion and consequently reorganize actin cytoskeleton dynamics through the activation of Src-related kinases. Furthermore, consistent with a previous investigation (Chen et al., 2003) , our experimental data support that the ERK kinase and PI3 kinase are involved in recPrP signal transduction. PI3 kinase, is involved in various cellular functions, including proliferation, cell migration, and axon guidance (Cantley, 2002; Chang et al., 2006) . It has been reported that PI3 kinase activity mediates GC attractive turning responses to guidance cues such as NGF, BDNF, and netrin-1 (Li et al., 2005) .
The observation that full-length recPrP is more active in inducing physiological responses poses intriguing issues about the role of N-and C-terminal domains for PrP C function: while the Cterminus moiety possesses well-defined secondary and tertiary structures, the N-terminus is unstructured. These segments are often considered independent and non-interacting with each other (Zahn et al., 2000) . However, recent studies are attributing a significant role to the N-terminus in driving tertiary structure contacts with the C-terminus, and this structural proximity appears to be mediated by metal ions (i.e. copper and zinc) binding the octarepeats domain located in the Nterminal moiety (Spevacek et al., 2013; Thakur et al., 2011) . Interestingly, we found that treatments of wt mouse hippocampal neurons with SAF34 and W226 mAbs -targeting the N-and C-terminus, respectively-completely abolished the growth promoting effect induced by recPrP. On the contrary, EB8 mAb -binding a region adjacent the octarepeats domain does not show any inhibitory effect.
These results seem to support a model whereby PrP C exerts its growth promoting function through a mechanism mediated by the interplay between the flexible octarepeat region and the structured domain.
Cellular prion protein may undergo multiple processing by disintegrins. These cleavages occur within the putative toxic domain comprising the 106-126 residues. The processing is carried out by 
The first such processing carried out by ADAM8, which cleaves at residue 109, yields two moieties denoted N1 and C1, for the N-terminal and C-terminal domains, respectively. These two fragments have been shown to possess opposing biological activities (Chen et al., 1995; McDonald and Millhauser, 2014 (Schrock et al., 2009 ).
In summary, our study shows a defined molecular function of PrP C , which may provide new insights into understanding of its physiological roles during developmental stage and adult life.
Further investigations may establish whether PrP C has a potential role in affecting axon regeneration in the adult nervous system.
MATERIALS AND METHODS

Antibodies
Three different mouse mAbs with the ability to bind to distinct epitopes of PrP C were used in local delivery, immunoblotting, and immunocytochemical experiments. W226 (Petsch et al., 2011) binds to C-terminal domain of PrP C (epitope: 145-155) while SAF34 (Perrier et al., 2004) and EB8 (Didonna et al., 2015; Snajder et al., 2012) Western blot analysis. Primary hippocampal neurons were lysated in lysis buffer (50 mM-Tris HCl, pH 7.5, 150 mM NaCl, 0.5% CHAPS, 1 mM EDTA, 10% glycerol) supplemented with protease inhibitor mixture (Roche), and processed for Western blot detection. Neuronal samples and recombinant mouse PrP, prepared as described before, were analyzed by standard immunoblotting procedures. Samples were loaded onto SDS-PAGE gel and transferred to nitrocellulose membranes (GE Healthcare). After blocking in 5% non-fat dried milk in TBS-T for 1 hour at RT, membranes
were incubated overnight at 4°C with primary antibody diluted in blocking solution. Incubation for 1 hour at RT with secondary antibody followed. Western blot image acquisition was performed using the ECL detection kit and the Alliance 4.7 software (UVITECH, Cambridge). The antibodies used were as follows: mouse monoclonal anti-PrP (W226, 1:1000), mouse monoclonal anti-PrP (EB8, 1:1000), mouse monoclonal anti-β-Actin HRP conjugated (A3854, SIGMA, 1:10000). HRPconjugated secondary antibodies were obtained from DAKO and were diluted 1:2000 in blocking solution.
Vesicle preparation. The following composition of lipid mixture was used for vesicle preparation:
Cholesterol: 9 µmol, L-α-Phosphatidylcholine: 63 µmol, Stearylamine: 18 µmol (Sigma-Aldrich).
The lipid solution was prepared at the concentration of 10 mg/mL in chloroform: methanol (2:1, v/v). The solution obtained was then saturated with nitrogen and stored at -20 °C. Vesicles with a diameter of 1-5 µm were obtained by using the lipid film rehydration method (Hub et al., 1982; Pinato et al., 2012) . In this method lipid solution was dried in vacuum condition for 24 h and then the lipid film was rehydrated with solution containing the desired concentration of recPrP. Sucrose 100 mM was also included in the hydration solution to allow better vesicle washing and to improve vesicle trapping. After overnight incubation, vesicles were gently centrifuged (5,000 rpm for 3 min) and rinsed 3 times with PBS to wash the external solution. Final vesicles solution was then administered to the cell cultures. Single vesicles were subsequently identified, trapped and positioned at the location of interest.
Estimation of the spatial and temporal distribution of the concentration at the GC. To perform this simulation we used the point source approximation for the vesicle (Sun and Chiu, 2005 ) and the following equation that describes three-dimensional free diffusion from a point source:
C(r, t) = 2 * C (4πDt) 3/2 e − r 2 Dt where C is the initial concentration in the vesicle, D the diffusion coefficient and C(r,t) the concentration in a point at distance r from the vesicle, at time t. The concentration vs time curves for three points positioned at distances r, 1.25r and 1.5r are represented in the top inset of the Fig.   8A , indicating a steep temporal gradient. The concentration at a distance r from the vesicle reaches a maximum after few seconds and then decreases fast to a value which is maintained almost constant in time after t=10s. From the concentration curves represented for different distances we notice also the spatial gradient and the fact that the spatial gradient tends to vanish after about 10 s from vesicle photolysis.
However when an obstacle as the cell membrane is reached, the molecules might stop their free diffusion, bind and accumulate on the membrane. Assuming that all the molecules reaching the membrane bind to it, we calculate the spatial and temporal distribution of the cumulative concentration CC(r, t) by summing C(r, t) values: CC(r, t) = ∑ ∑ C(r, t) r t
As a numerical example, we consider a vesicle of 4 μm diameter, initial concentration inside the vesicle C0= 4μM, the diffusion coefficient of the encapsulated molecules D= 40 μm 2 /s, the distance r ranging from 10 to 50 m measured from the vesicle and t from 0 to 5 min. The spatio-temporal distribution of the concentration is shown in Fig. 8B , showing that for a given distance the concentration increases fast immediately after the photolysis and tends to a constant value after about 2 min, while a significant spatial gradient is maintained constant in time after about 3 min.
The concentration isolines are represented in Fig. 8C . Notice that after 3 min the concentration decreases from 90 nM to 20 nM for a distance range of about 40 μm. The vesicle is typically positioned at 10-20 μm from the leading edge of the neurite, creating a spatial gradient of molecules concentration of about 2 nM/μm at the GC, which promotes the outgrowth and guidance mechanisms.
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Optical setup. The optical manipulation setup was developed starting from an inverted microscope (Nikon Eclipse TE-2000-E, Japan) equipped with phase contrast imaging and epi-fluorescence. The microscope was completed by installing custom IR optical tweezers and an UV laser-dissection system (MMI-cellCut Plus, Switzerland). Briefly, the IR laser beam (1064 nm, CW) was collimated and coupled to the optical path of the UV laser beam (355 nm, ns pulsed laser). Both beams were directed into the microscope lens (Nikon 60X, NA 1.25) by a dichroic mounted above the fluorescence cube (Pinato et al., 2011) . The sample chamber containing the differentiating neurons and the vesicles was placed on the motorized microscope stage. The temperature of the dish was kept at 37 °C by a digital temperature controller (PeCon GmbH, Er-back, Germany). During the experiments the cells were monitored by time-lapse phase contrast imaging using a digital camera (Orca Flash 4.0, Hamamatsu, Japan) at a frame rate of 5 Hz.
Circular Dichroism (CD) analysis.
CD spectra of different samples of unexposed, UV and UV+IR exposed recPrP were recorded using a JASCO J-810 spectropolarimeter. Experiments were performed at room temperature using 1-mm optical path length quartz cell to obtain spectra in the far-UV region (190 to 260 nm). Protein concentration was 1.2 mg/ml in phosphate buffer (pH 7.4). All spectra reported are the average of at least 10 individual scans. 
Immunostaining and imaging.
